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(54) INTEGRATED CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accelerate a comparison 
processing speed by providing an input device for 
respectively converting an input signal and a reference 
signal to an input current and a reference current and a 
current copier for generating a comparison signal from 
the reference signal. 

SOLUTION: An input voltage VIN as the input signal 12 
and a reference voltage VREF are inputted to a 
comparator 10 for comparison and sent through a switch 
14 to the input device 16. The device 16 is connected to 
a sampling circuit 18 and output 20 and the circuit 18 is 
operated as the current copier and provided with a 
MOSFET 36, a gate capacitor 40 and the switch 38. Two 
currents from the device 16 and the FET 36 collide, the 
voltage at the output 20 indicates which one of the two 
currents is larger and an output voltage is raised in the 
case that the voltage VREF is higher than the voltage 
VIN. When the comparator 10 is operated at a speed 
high enough to neglect junction leakage, the influence of 

an offset source is hardly received other than the one generated by the switch 38. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The integrated circuit which has the comparator characterized by to consist of an input 
device which receives a reference signal from a criteria node an input node, a criteria node, and in 
the 1st comparison cycle, receives an input signal from an input node in the 2nd comparison cycle, 
and changes an input signal and a reference signal into an input current and reference current, 
respectively, and current KOPIA which accumulates reference current into the 1st comparison cycle, 
and generate a comparison signal in the 2nd comparison cycle from an input current and the 
reference current which accumulated. 

[Claim 2] Current KOPIA is the integrated circuit of claim 1 characterized by having the switch 
closed in the 1st comparison cycle, and the transistor which answers what said switch closed and 
accumulates reference current into the 1st comparison cycle. 

[Claim 3] It is the integrated circuit of claim 1 characterized by connecting with an input device and 
current KOPIA, having further the equalization circuit which generates an underestimate current as 
the 1st part of reference current, and for current KOPIA answering said underestimate current, and 
reducing the offset under generation of a comparison signal by accumulating the 2nd part of 
reference current. 

[Claim 4] The integrated circuit of claim 1 characterized by having further the amplifier which raises 
the gain accompanying generation of a comparison signal. 

[Claim 5] Said amplifier is the integrated circuit of claim 4 characterized by raising gain by 
including two or more transistors by which cascode connection was made between an input device 
and current KOPIA. 

[Claim 6] Current KOPIA is the integrated circuit of claim 1 characterized by generating a reference 
signal high when a reference signal is larger than an input signal. 

[Claim 7] In the comparator which consists of the criteria switch which connects a criteria node to an 
input device into the 1st comparison cycle, an input switch which connects an input node to an input 
device into the 2nd comparison cycle, and current KOPIA An input device contains the input 
transistor which has the 1st and 2nd conductive components. An input device In the 1st conductive 
component, a reference signal is received from a criteria node in the 1 st comparison cycle. In the 1 st 
conductive component, an input signal is received from an input node in the 2nd comparison cycle, 
and an input signal and a reference signal are changed into an input current and reference current, 
respectively. Current KOPIA The 1st conductive element connected to the 1st conductive element of 
an input transistor, It closes the Copyer transistor which has the 2nd conductive element, and in the 
1st comparison cycle. It opens in the 2nd comparison cycle and has the Copyer switch which 
connects the 1st of the Copyer transistor, and the 2nd conductive element into the 1st comparison 
cycle. The Copyer transistor The comparator characterized by reducing the offset accompanying the 
comparison signal which compared with the input current the reference current which answered what 
the Copyer switch opened, received the input current, generated the comparison signal, and was 
accumulated into the 2nd comparison cycle. 

[Claim 8] It is the comparator of claim 7 characterized by having further the amplifier which has the 
1st transistor which connects the Copyer transistor to an output node, and the 2nd transistor which 
cascode connection is made with the 1 st transistor and connects an output node to an input transistor, 
and for the 1st and 2nd transistors answering an input current and the accumulated reference current, 
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and increasing the gain accompanying generation of a comparison signal. 
[Claim 9] Current KOPIA is the comparator of claim 7 characterized by generating a high 
comparison signal when a reference signal is larger than an input signal, and this generating the 
reversal signal of the input signal over a reference signal. 

[Claim 10] An input device is the comparator of claim 7 which time sharing is carried out between 
an input signal and a reference signal, and is characterized by changing each signal after a 
corresponding current. 

[Claim 1 1] In the flash converter which changes an input signal the flash converter concerned It has 
two or more trains of the resistance element for generating two or more reference voltages, and 
comparators corresponding to each reference voltage in each criteria node. Each comparator The 1st 
switch which performs switching between an input node and a criteria node, The input device which 
receives reference voltage from each criteria node in the 1st comparison cycle, receives an input 
signal from an input node in the 2nd comparison cycle, and changes an input signal and a reference 
signal into an input current and reference current, respectively, The flash converter characterized by 
consisting of current KOPIA which generates a comparison signal from the reference current which 
accumulated reference current into the 1st comparison cycle, and was accumulated into the 2nd 
comparison cycle, and an input current. 

[Claim 12] The flash converter of claim 1 1 characterized by having a complementary-type metal 
oxide semiconductor (CMOS) in order that the input device of each comparator may reduce 
fluctuation of the copied reference current. 

[Claim 13] The step which receives an input signal in an input node in the approach of generating 
few comparison signals of offset, The step which receives a reference signal in a criteria node, and 
the step which receives a reference input signal from a criteria node in the 1st comparison cycle in an 
input device, The step which generates reference current from a reference signal, and the step which 
changes the Copyer switch into the 1st comparison cycle, The step which accumulates reference 
current into the 1st comparison cycle at current KOPIA, The step which receives an input signal 
from an input node in the 2nd comparison cycle in an input device, How to generate few comparison 
signals of offset characterized by consisting of a step which generates a comparison signal from the 
step which generates an input current in the 2nd comparison cycle in an input device, the reference 
current accumulated into the 2nd comparison cycle, and an input current. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the comparator and circuit based on 

current KOPIA about a comparator. 

[0002] 

[Description of the Prior Art] In some comparators [ like ] which are standard differential pair 
comparators, electrical-potential-difference offset arises by input device threshold mismatching and 
mutual-conductance parameter mismatching. The comparator using a current mirror has such 
electrical-potential-difference offset. A current mirror load contributes to offset and the reason is 
because adjustment is required for exact actuation. Offset voltage is accumulated in a capacitor, is 
deducted from an input signal later, and adjusts the offset concerned in many cases. Are recording 
and a total process have a late thing. The reason is because a comparator is generally arranged with a 
closed feedback loop configuration. When using with analog digital (A/D) and a digital-to-analog 
(D/A) converter, adjustment of offset late in this way restricts the rate of a translation process. 
[0003] 

[Problem(s) to be Solved by the Invention] In some comparator circuits which adjust the offset 
effectiveness, it is accumulated so that it may be proportional to criteria with a current, and an input 
signal is supplied to an input device, and clock feed through is controlled. However, such a 
comparator of offset adjustment is also late. Offset adjustment is required for other circuits, such as a 
flash converter. While reducing or eliminating the offset effectiveness, to enlarge comparison 
processing speed, without performing direct switch charge impregnation in a closed-loop 
configuration and the input of a comparator is wished. 
[0004] 

[Means for Solving the Problem] According to this invention, the integrated circuit which has a 
comparator with small offset based on current KOPIA is realized. The integrated circuit concerned 
has an input node, a criteria node, the input device that receives a reference signal from a criteria 
node in the 1st comparison cycle, receives an input signal from an input node in the 2nd comparison 
cycle, and changes an input signal and a reference signal into an input current and reference current, 
respectively, and current KOPIA which accumulates reference current into the 1st comparison cycle, 
and generates a comparison signal from an input current and the accumulated reference current in the 
2nd comparison cycle. 

[0005] Current KOPIA can have the switch closed in the 1st comparison cycle, and the transistor 
which answers having closed the 2nd switch and accumulates reference current into the 1st 
comparison cycle. It connects with an input device and current KOPIA, and an equalization circuit 
generates an underestimate current as a part for part I of reference current. Current KOPIA answers 
this underestimate current, accumulates a part for part II of reference current, and reduces the offset 
in generation of a comparison signal. 

[0006] Furthermore, it is possible also in forming amplifier and increasing the gain accompanying 
generation of a comparison signal. This amplifier can have two or more transistors of a cascode 
configuration between an input device and current KOPIA in order to increase gain. A comparison 
functional output is generated by the node which connects current KOPIA with an input device. The 
electrical potential difference in this node rises, when the path of other charge flows does not exist in 
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this node, and the current accumulated in current KOPIA is larger than the current generated by the 
input device. 

[0007] The flash converter improved using the comparator of this invention is also realized. 
[0008] 

[Embodiment of the Invention] The low offset comparator and flash converter based on current 
KOPIA by this invention are shown in drawing 1 . In these devices, the offset accompanying the 
mismatching of the input device in a comparator is removed by using only one input device by 
which time sharing is carried out between two input signals. An input device continues each signal 
and changes it into a current. While current Copyer accumulates one signal of these signals, an input 
device generates the signal of another side and two currents are compared by after that. 
[0009] In order to compensate offset, an input signal, the single input device switched between a 
certain criteria, and the sampling circuit switched similarly are used for the comparator of this 
invention. In the example shown in drawing 1 , a comparator 10 receives an input signal 12. An 
input signal 12 is switched to the input device (input circuit) 16 by the switch 14. This circuit is 
included in an integrated circuit (IC). The input device 16 changes an input signal 12 into a current. 
This current is accumulated by the sampling circuit 18 connected to the input device 16. At the time 
of actuation, a comparator 10 generates an output 20 as a comparison signal of an input signal 12 and 
a reference signal using a switch 14, the input device 16, and a sampling circuit 18. A comparator 10 
can be connected [ that the controller 22 which controls a switch 14 and a sampling circuit 18 is 
included, or ] with such a controller 22. Such a controller 22 is the well-known approach, and can be 
incorporated in the controlling mechanism of the integrated circuit containing a comparator 10, or 
the integrated circuit connected to a comparator. 

[0010] The comparator 10 of drawing 1 can include as an option the equalization circuit 24 
connected to the input device 16 and the sampling circuit 18. This equalization circuit 24 can 
underestimate a reference signal, and can improve adjustment of the offset by the comparator 10. 
Moreover, the amplifier 26 for raising the gain in a comparison phase can also be included by the 
comparator 10. 

[001 1] In the example of the comparator 10 shown in drawing 2 , as for a comparator 10, input 
voltage VIN and reference voltage VREF are inputted into a comparator 10 as an input signal 12 for 
a comparison. An input signal 12 is switched by the switches 32 and 34 of a switch 14, respectively. 
Such switches 32 and 34 are realizable with a transistor like the metal oxide semiconductor field- 
effects transistor (MOSFET) which answers the clock pulse which drives the input device 16. Other 
transistors and equal circuits of a type by the conventional technique are also usable so that I may be 
understood. 

[0012] The switched input signal 12 is sent to the input device 16. The input device 16 is MOSFET 
connected to the drain electrical potential difference Vdd28 and the source electrical potential 
difference Vss30. The input device 16 is connected to a sampling circuit 18 and an output 20. In the 
example, a sampling circuit 18 is current KOPIA. Current KOPIA is indicated by S.J.Daubert et al., 
"Current Copier Cells", ElectronicsLetters, Vol.24, No.25, Dec. 1988, and pp. 1560-1 562. Current 
KOPIA 18 includes MOSFET36 and a switch 38. An example is enough as the gate capacitance of 
MOSFET36 for actuation of current KOPIA 18. When that is not right, a capacitor 40 is formed in 
current KOPIA 18. 

[0013] When it exists, as devices 50 and 52 are explained after this, they raise the engine 
performance. When it does not exist (i.e., even when it is simplistic and the path from each drain to 
the source is replaced), a comparator 10 operates. 

[0014] At the time of actuation, a controller 22 or the independent source of a clock supplies a clock 
pulse to switches 32, 34, and 38, as shown in drawing 3 . The switch 38 of current KOPIA 18 
receives the pulse 54 by which the label was carried out to CI, and, on the other hand, switches 34 
and 32 receive the pulses 56 and 58 by which the label was carried out to C2 and C3, respectively, 
respectively. Especially the switch with which a pulse corresponds Huy, i.e., when active, is closed 
(that is, it flows). 

[0015] When CI and C2 are active (i.e., when switches 38 and 34 have closed, respectively), the 
input device 16 generates the current which is mostly given by the degree type and which flows 
MOSFET36. 
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IREF=kl(W/L)l(VREF-VTl)2 (1) 

However, k is a constant, W and L are the width of face and die length of a channel, respectively, 
and VT1 is the threshold electrical potential difference of MOSFET. When CI is a low, the gate 
voltage of MOSFET36 corresponding to the above-mentioned current is accumulated in a capacitor 
40. After that, a switch 32 will be opened (if C2 becomes a low). 

[0016] In drawing 3 , C3 is Huy, and when CI is a low, the input device 16 generates the current 
which has the following magnitude. 
IIN=kl(W/L)l(VIN-VTl)2 (2) 

[0017] In this way, the input device 16 and two currents from MOSFET36 collide, and it is shown 
whether the electrical potential difference in an output 20 has large any of these two currents. When 
the reference voltage VREF is higher than input voltage VIN, output voltage rises and is interpreted 
as logical decision. 

[0018] The current compared is continuously generated by each with the same input device 16, and 
kl W/L and VT1 cancel. When a comparator 10 fully operates at a high speed so that it can disregard 
junction leakage, a comparator 10 is hardly influenced of the source of offset besides being 
generated by the switch 38. 

[0019] An error is introduced into the current accumulated in current KOPIA 18 by the feed through 
from the switch 38 of current KOPIA 18. The drain current of MOSFET36 is as a degree type. 
I2=beta2(Vsg2-VT2) 2 (3) 

The drain current of the input device 16 is as a degree type. 
Il=betal(Vgsl-VTl) 2 (4) 

[0020] By the charge feed through of a switch 38, the source-gate voltage of MOSFET36 becomes 
equal to deltaV, and the offset calculated like a degree type arises. 
VOFFSET-delta V(beta2/betal) 1/2 (5) 
This is based on an input. 

[0021] In the comparator 10 of this invention, offset is minimized by making ratios beta2/betal into 
min by adjusting the input device 16 and the parameters W and L of MOSFET36. 
[0022] In the alternative example, in order to avoid excessive Vsg2, as shown in drawing 2 , an 
equalization circuit 24 is included. An equalization circuit 24 is connected to the input device 16, 
current KOPIA 18, and an output 20 by connection 42. The drain of MOSFET48 is connected to the 
input device 16, a sampling circuit 18, and an output 20 including MOSFET44 by which the 
equalization circuit 24 was connected to VREF, and MOSFETs 46 and 48 of a pair. An equalization 
circuit 24 operates so that MOSFET36 may carry, remaining part, i.e., IREF-ix, while the current ix 
which flows the connection 42 from MOSFET48 serves as an underestimate of Current IREF. When 
ix accounts for the large rate of the IREF(s), it is determined that the input device 16 and the 
parameter of MOSFET36 will make beta2/betal min. In this example, the drain current of the 
comparator 10 including the equalization circuit 24 shown in drawing 2 is not the same as the input 
device 16 and MOSFET36, and offset voltage becomes like a degree type. 
VOFFSET=deltaV (gm2/gml) (6) 

[0023] Therefore, following factor (beta2/betal) 1/2 It reaches. (Id2/Idl) 1/2 (7) 
****** contributes to reduction of the offset by current KOPIA 18 which used the switch 38. 
[0024] In the above-mentioned example, the input device 16 and the source of MOSFET44 of an 
equalization circuit are connected to the common source electrical potential difference Vss30. In 
another example, bias conditions are established by supplying the tail currents IBIAS including the 
source of a bias current between the source of MOSFETs 16 and 44, and Vss. It becomes possible to 
control VREF and IREF independently, without adding the offset effectiveness according to the tail 
current IBIAS. Although a formula (1) and (2) are corrected when a bias current is included, formula 
(5) - (7) is realized as it is. 

[0025] In the alternative example which includes an equalization circuit 24 in the comparator of 
drawing 2 , current KOPIA 18 can also be considered as bidirectional current KOPIA, and this does 
not require that ix should be smaller than IREF. 

[0026] It is possible to increase the magnification in a comparison phase (namely, when for C3 to be 
Huy) with amplifier 26 using the improvement technique in gain of other common knowledge. In the 
example shown in drawing 2 , amplifier 26 is MOSFETs 50 and 52 of the pair which forms a 
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cascode circuit, an output 20 is connected to the source of MOSFETs 50 and 52, and the input device 
16 and the source of MOSFET36 are connected to the drain of MOSFETs 50 and 52, respectively. 
[0027] In another alternative example shown in drawing 4 , the cascode configuration of MOSFETs 
62 and 54 for the improvement in gain is used for a comparator circuit 60 with the configuration of 
the switch input by current KOPIA 18 and the switches 32, 34, and 38 for reducing offset as 
mentioned above. The input device 16 and MOSFET36 perform inverter ability, and another inverter 
66 connects a cascode configuration to an output 68. Although MOSFETs 62 and 64 are low 
threshold devices in the example, it is also possible instead to connect the gate of MOSFET64 to the 
independent source of bias voltage. MOSFET70 serves as a means which can control reference 
current so that the circuit shown in drawing 5 explains. 

[0028] If switches 34 and 38 close as drawing 3 was already explained, the gate of n channel MOS 
FET 16 and 64 will be connected to reference voltage VREF, and a current will be copied to 
MOSFETs 36 and 62 in current KOPIA 18. An inverter 66 buffers an output. If a switch 32 closes, 
an input signal VIN will be connected to MOSFETs 16 and 64, and the load in an output 68 will 
acquire the copied current which was accumulated in current KOPIA 18. Next, the comparison of 
VIN and VREF is made by the reduced offset. The current accumulated may become excessive when 
the magnitude of VREF increases. It is possible to control this current by the p channel device 70 
which has the gate connected to VBIAS. 

[0029] Reducing offset by use of current KOPIA by this invention and a switch input signal has 
application further. For example, in a flash converter, the resolution of n bits must be obtained using 
2-N comparator, and comparators must be simple and a high speed. As shown in drawing 5 , a flash 
converter generates two or more reference level using the trains 72 and 74 of resistance as reference 
voltages VR1, VR2, VR3, and VR4. Fluctuation of the copied current covering a wide range current 
value is caused by such resistance train, and especially a current is related to the square rule property 
of MOSFET. 

[0030] Fluctuation of a current can be avoided by use of a complementary- type metal oxide 
semiconductor (CMOS) like the series connection of the complementary-type devices 76 and 78 of a 
pair, as shown in drawing 5 . In the example, two resistance trains 72 and 74 by which current bias 
was carried out are used, MOSFETs 80 and 82 are formed, and the current of the input device of 
each comparator in a flash converter becomes almost equal within adjustment precision, drawing 5 — 
an opposite ~ 76 and 78 are used as an input device which contains MOSFETs 16 and 70 in drawing 
4 , and connect two or more comparators of drawing 4 as a flash converter. 
[0031] For example, in the case of the comparator connected to the 1st resistance train 72, a low 
threshold device is not essential to cascode connection. The reason is because it is available, in order 
that the 2nd resistance train 74 may carry out bias of the cascode device. It is possible to acquire 
cascode bias voltage using branching from the 2nd resistance train 74. In the example of further 
others, since the comparator 84 of drawing 6 prepares a complementary load, also in the case of a 
high reference level value with which VREF approaches Vdd of drawing 5 , it is usable. 
[0032] The AB class push pull version 86 of a current KOPIA comparator is shown in another 
alternative example shown in drawing 7 . If a switch 92,104 closes each, as for transistors 90 and 96, 
a function respectively equivalent to the transistors 16 and 36 of drawing 6 will be performed. To 
coincidence, the complementary transistors 88 and 98 perform the same function. If a switch 94 
closes, a comparison will be performed and an output will be obtained in the output node 102 
through the inverter 100 as a buffer. As shown in drawing 7 , it is also possible to include a capacitor 
106 as an option. 

[0033] The differential comparator 108 which has the still lower offset as another example is shown 
in drawing 8 . The differential comparator 108 connects reference voltages Vrp and Vrn 
(respectively negative [ forward and negative ]) and input voltage Vinp and Vinn (forward and 
negative) to switches 110-116, respectively. Crocking of the switches 110 and 1 12 is carried out by 
the pulse C2 of drawing 3 , and crocking of the switches 114 and 1 16 is carried out by the pulse C3. 
Switches 1 10-1 14 are connected to current KOPIA including the switches 122 and 124 in which 
crocking is carried out by the input devices 118 and 120 and the pulse CI, and MOSFETs 126 and 
128 (as an option, it has a capacitor 130 and the current bias 132). The output nodes 134 and 136 are 
the forward and negative outputs of the differential comparator 108. 
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[0034] 

[Effect of the Invention] 



[Translation done.] 
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xis^briVTiz. m&M'mawmcfo®isT. ®**s 20 
wfacom 2 (omftttwrn? 5 c t tc «t s tbism^^^fiK 

^cD^Hr-y h^|ffi/hT5C£^ffiS!i:TSfi*JSl © 

*^ssz. tic* ommttMftz c t^mt-rsii*^ 
4 tD«amss„ 30 

«fe o a 1 0 *»£-»c ssv *snM8^*£j*-r 5 c t *w« t 

[W*«7 3 $1 J±&t^*/Wcg?P/-K£A7J 

A^-r^-fxti, misszzfmznmmitmTitG?* 

t)V*\z.w&y- Ffrzm 1 ©«ttti?tfc^ti 40 
*wt*snu m2Jt«ft)-^^^*(cA^y-H*>e» 

£ 1 <D^«14^fCj3^TA*m^«rSmU, Aftfl*? 

a^j b^^isxfKDm 1 cD^fEttsg^tc^^nfem 1 
©w«ttB*fc, m2<Dmm&mm£*m?2>=iVTb 

gmbSfc^^Wc^erh^V^X* ©311*5 50 



*$IJ3¥ 8-2 6 51 1 5 

2 

U 

ntfT h^V^X^ti. ntrrx-r-y^^i/^fcC tic 

A/3 f 9 > ^x * tc&^-r s s 2 © h ^ y * **rr 

31 1 *5 «fc 32 2 © h ^ > s?x 2 tt % AftflMJfrfc «fc tf Sffi 

[MOTlO] A^-r'WXtiA^fi^fcg^ff^cD 

^ct^mi:-r5Ii*^7(Dn>^U-^o 

1] A7l<S^^-r^77-y->ii3^/^ 

ids it &mmwzic 5=}>^]s-? izmmte 

Xfjy- Kt»^y- H£DracOXt''yf 1 ^^^T3^1 
(DX-Y>y^t. 

2? 1 tbi&^^Wc&aPP/- H*^6S!p«£E*Sffl 

ffib. A7afi^*3<to : smffl^ ; en ; enA7ittiji!t3J: 
mii:b($-9-'r^;i"^{c®^sit^«iLx mztm-v* 

^;l/*{c, S«LfcS*«i55ti:A7a«i55t*^J:bt5!«^^ 
^fig-T -5 1> V > Y n fcf 7" i 5 c i: i: t % 7 

[ii*JSl23 SnV/^U-^tDAya^WX*^ n 

Wti&itmw (cmos) z&rzctzftmt-rzm 

[ffsRiK 13] *7-b-y YW^r^Vcmm^fc-t 
A*y- Ffcfc^TA^m^Sff -r^x^-y -ft. 
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A^TV^XK&^TJfl 2 Jttt"*-!' *rt/<*UCA2l®ffi£ 

to 0 0 1 ] 
[0 0 0 2] 

J£;f7-fe-y htf^USo Al/yhS^-^/cn^ 20 
U-*l*£<D£5*m&*7-ty h%ttl>„ ^-©iiEiH 

tt^<D/i46tC (iM8tf&£-F& 5 tclt>T~$>Z><> *y*y 
b M JEli 3- + -> * IcWffi £ *U &T< A73 f! *§fr ?>IL 

§l£:/a-t:X«:iI^C i:tfifc.5o ?Oiit±« 3>/*U 

- * ti-®:tc Rfl ^ - k / s -y * )v- fmj&vuw <* n 5 

tctbT*3o&o Tto^-f^i;^ (A/D) fcitf-r 

C<0.£5lCjI^*:7-tr-y hommt. %L&7n 30 
-fcxoi&KSraiU&g-rSo 

[0 0 0 3] 

IZmtfmik L * a i: f 5 RJU * 7 -fe -y h SftlH^llig 
»cJtWTSJ:dK:*a*n, A*{g*§#A73 tWXK 

rcitm^-r^tt^ic m^—ym^. 3»tu— * 40 

[0 0 0 4] 

h3fcT7'fcfi-3V;fc, *:7-te-y hflVhSi^n^U— * 

*f?-r*as«iiiB^a«-n*. M$i£ifc*iiH]SS{4. a* 

- Yfrzwmmmt&m u m 2 jtta+j-i' ^j^picxti 
y- h'frzxMmz&mu xtimms&xf mourns 
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-Yxt. mittn-y-jtfitpicmmmffizwmu &z 
j±«Mi*§*£js-rsa u>b=i \zrt*m?%o 

[0005] *u>h3tf7«, m 1 JtKIM c 
PlUSX^'yf S 2 X-Y -y *-«:Bfl CfcC tictSS U 

xfcjcD'^uvhn^Ttcs^^n, mmmffiom 1 sp 

.C©a/hWfiM»»cfS*FLT* SV«8fl<D£2gfc)-£& 

[0 0 0 6] ^e>ic, iiffigH^iglt. J£f${I^O£fi£u: 
# ? WiSrtg}*: £ 5 c £: £ & nfflgT & 5 „ c coi@ip2S 
14, fU»*«!*:«-e'«fc«>K:» A73-r/WXfc*jU>K 

/-ncfctfsttiEii. coy- FtcftsottEr^D-© 

ffittf Kfi 7 s t W X tc <fc o T£/£ ^ ti 5 ®Sii«J: K> A ^ v i: 

[0 0 0 7] *«^CD3>/^U— **fflV^Tafefi«tlfc 
7 -7 y -> a 3 ^— ^ t ^il^ ti 5 o 
[0 0 0 8] 

rj eTtcS-iJ < ^y-tr y V 3 ^fc <fc tf 7 5 -y 

y/iU-^\H<DXti7 : ^-f7.<D^m^lc^o^y'ty b 

[0 0 0 9] ^7-tr-y h%WifflJ-r5fci6, 

A73m^t&^B^£DP^T-X^-y^-r5# 
-OA*f/^7i:, IBHttcx-f-y^-rs^^yuv^ 

-* i otiATjii^i 2*&m?z 0 Aiimm zit. 

^y^-\ 4(c«koTx AftrVWX (A^JIUSS) 1 6 

(cx^r-y^^n^o c(D\mmz.m?Li£gkm\Ei$& (i o 
tiit*>-?v>?®&i 8{ci^Tsa?n5c 

tcti, ^ l 0(4, X'l'-y^l 4, XJitsU 

XI 6, fc.fctf-y-vy'J^yiElii&l 8*ffl^T. A^llI 
9 l 2 i:g?Pffi*§©J±!|${i*?i: UTtt5^2 O^fiE-T 
^ e 3^1/-? 1 0t4, X-^-y^l 4*3«ttj : -9->'7 ,, J 
Z/?<em\ 8*®m?%=l>bv — ^2 2^-g-€?Cfc, 
^fc(4, f©J:?S:3>hD-72 2(c}g^$tiSCi: 
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*<Rlft6T-£>£o ha — ==> 2 214, 0»]<D 

[0 0 1 0] 13 1 1 0t4, *^>3 

ih^ihiss 2 4 14, sm«^*a/jNffPfliiL» av/tu-* 

1 014, Jt«SBf 03PJ#*J«»« 
fc«XDi»MS2 6 fctRTfi6Tife5. 
[0 0 1 1 ] 0 2»C^Lfc3>/^U— ^ 1 OOmSflWt? 
14, 3>^1/-^ 1 014, £ 1 0tCl4, Jt« 

©fcfcOAfcfi^l 2 i: LT, AXjttJEV IN *54.tJW 
lEV REF tfA*jn5. A*)is*fl 2 14, Xf -vtM 
4<DX-f7f 3 2, 3 4 iCtoT^n-rtlX-T'y^^n 
5. CW5W7f 3 2, 3 414, X*f/^X 1 

*MMM»JRh9>S>** (M0SFET) <D4?&r-^ 

irk: «t 5 fteo^ ~?<o h 5 >s^x # fcmeis t> isffl rJ 

BIT? & So 

COO 12] X^f tiKKMsm 2t4X*x/W 

-rvBBEv dd 2 8*3«tr>*y-x«Jiv ss 3 oicfi^sn 

fcMO S F E TT*$5o A^f/^X 1 6ttt>^y V 
yilKl 8*J:tfatfj2 OlCiftKStlSo Slfif50>JT*«, 

r-3t?Tt4, S. J. Daubert et al., "Current Copier 
Cells", ElectronicsLetters, Vol. 24, No. 25, Dec. 
1988, pp. 1560-1562(C82tSt2nTl^5o ^U^hntf 
7 1 814, MO S F E T 3 6 fc<fcO*X-Y y f- 3 8 
tSo m&mT'te. MO S F E T 3 G<D?— Y*r*fM/* 

[0 0 13]f^X5 0, 5 214, fttE-r%>t§-€tlC 

(4, cftfr&a^^siSKLTtt^fcfiLLS-es. # 

1 0t4K^-T5o 

[0 0 1 4] ftrtWic, n>hn- 5 2 2, £Sl^t4, 
?4i£CDi' a -y ^j^tf, 0 3 ic^t* 4: •? (C ^ a >y ?/S;l/X 

^•yf3 2, 3 4, 3 8{cm*g-r^ 0 *u>hne 

7 18©W'yf3 8tt, Cit^^tl^WXS 
4£r§{IU —7?, X'l'-yf 3 4, 3 2 14* *l? : tl 
C 2 , C3i:7^;VJnft/^l/X5 6, 5 8 ^r^tl^tlS 
{IfSo ^FfC, /W/X7bVWT&toST^7"'f'-?'T-;£>S 

S) o 
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[0 0 15] C 1 *54;tfC2# s 7'*v L -i'-7"©££, T&to 

38, 3 4****1^*1131 ur^sfc*, a 

t/f/WXl 6(i, (J{J"^T#x.6n5, MOSFE 

T 3 6£i7rt*lSmii1t£:£jjSt-t£o 

lREF =k l CW/L) ! (V REF -V T1 ) 2 (1) 

;l/tD*it3.tT/S$T$>0, V X1 14M0 S F E TOLf^ 

mni£T<-$>&o c^u—vtz. i.smmMi'Cttfc-'t 

SMOSFET3 6 toy— F-REEtf^-W^v-* 4 0lC?g 
10 IftlS. ^(D'ik (C 2 #° — f^&Si:) , X-f>y^3 
2l4P<o 

[0 0 16] 03lil*3t/^T, C 3 *VWTfe!) CjtfO- 
AAr'WXl 6l4^0A^?%^-r-5Tl)3it?r 

I 1N = k i (W/L) ! (V IN -V T1 ) 2 (2) 
[0 0 17] lHT, A^f^WX 1 6** If MO S 
F E T 3 6frS©2 0©!B«K±tt3SU tt*2 0Cfi» 

s*az{4, cn&©2o©m^©?^©^rn#Atri^ 

20 tti*|fBJB4±P?-U IftSyWtt^fcLTWRSti 

So 

[0 0 18] Jt«S*i*«fcttt*t"*ifcHfcA*IT r /W 
X 1 6£«fcoT«ttT£j«S*U kjW/L t V T it4+ 
+ >-feJl/-r*..3>'H — * 1 Otf, Sj^-Wa^JRffiT? 
£3J5H+#tcS53ifcfj!)frr£2:#, 1 0 

t4, X-C7f3 8&C<fcoT£j££n3J^fCl4J3:i:A,ir 
• FiEUD!J?S ; &§tf#v\, 

[0 0 19] tiVy FntfT 1 8(0X^7^3 8fr5><9 
•7-f-KX;l/-lc4t), FntfT 1 8lC««£*l 

30. fc«JfB«:K!>JbH»AS*iSo M0SFET3 6OKW 
yB«t{4^0j3i OTfeSo 

I 2= 02 < v sg2- v T2) 2 < 3) 
A*f/UX 1 6£OKU-l'>«j?Si(4^ie(Dat»Tfe2>o 

I 1=^1 (V gsl -V T1 ) 2 (4) 

[0020] X'f'yf 3 zvytmy-i — KX;l/— tcj; 
0, MOS FET3 6<DV— X-V- h«BEl4 A VIC^F 

v 0FFSET= A v 0*2/0 1> 1/2 (5) 
40 cni4AX:^ra*(cLfct>£0-e$)5o 

[0 0 2 1] *5gB^£Dnv/^lx-^ 1 0T'(4, 
M4, A^f^l'X.l 6*54tfMOS FET3 6©/<7 
- ^ W43 4: r>* L S C i: tCcfc o T tt /? 2 / 0 1 * 

[0 0 2 2] «eH«g«!lTtt, ^A*V sg 2^itlt5/-c 
i6tc, 0 2(c^tfc4;-5^, aiSla||^2 4*^fee>n 
So SaStlHlSS 2 4 14, S14 2tc4oT, A^lf/VX 
16, ^U^hntfT 1 8, 3s£Xfttit)20lcmm-$tl 
PiSleISS 2 4 t4, V RE? lcmmZtircMO S F ET 
50 4 4 -*f<DMO S F E T 4 6, 4 8^2*, MO S 
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F E T4 8<0KWVIi^U^ 1 6, *f>ZfV> * 

4l±, MO S F E T 4 8*^OM4 2 Sriftn^SSt i 
x ;V«^ REF ©^/hfP{ffii:& 5 tittle, MO S F E T 
3 6#8i»3£Dg|5#-r&fc>^ I ref- « x^*^*^ ? fcftfl 5 
fSc i X #I REF ©?:5©Att v i»J^%£J65^-&, A 
*f/WX 1 6*3«ta*MO S F E T 3 6<D/^ t — 'O'li.* 

lc&%*7-t>y h<D&'plz^5-?Z 0 10 

[0 0 2 4] ±|g<DHflgffyT't±, AAf'WX 1 6*5<fc 
•tfSSSlEl!&<DMO S F ET 4 4(Dy-X!iftIOV-X 
1QJ£V SS 3 0fCgMbt£n& o o 1 O<D|gfiS0IJT'l4, M 
OSFET16, 4 4CDV—X£V ss <DmC'^T7.m 

mm^^xT—^mm i BIAS *«*&-r* c tic* dm 

^TX&^tffite^ftS,, 7vm«t i B1AS tc «t o . * 
7Hr-y F^Mi^tttfin*.i>cfc&<, V REF i: I REF *& 

(1) fc«fcO" (2) l4^IESnStf, 3K (5) 
~ (7) ti^-o$$fiJtt)iz:Oo 20 

tO 0 2 5] m2<0^y^\y-^\Ci5^TW^m^2 4 

1 REF <fc9'h£i/^C £5rS#L#l/\, 

[0 0 2 6] te©Htt©5pJ»fcJ±1$«*flI^T, HMSgg 

2 6(C<fc«3, Vcmm* (.ttefr-Zs C 3 *VW<Di: 
£) ©«9ffi*Jffl*S-£*CfctfWfl&T?fcS. 0 2(C^L 
fc3SS8i0iJTl4, i@1>a3S2 6C4, ^xn-KISlgS^rffM-r- 
5-WOM0SFET50< 5 2T'$0, fcb*J2 0l4M 
OSFET5 0, 5 2 0y-X»:«««n. ATWW 30 
X 1 6*5«};CfMO S F ET 3 6 O V — Xti^tl-FtlM 0 

sfetso, saoKKyicsisns. 

[0 0 2 7] 0 4tC^Lfctd 1 O©ftlfl£8S0!lT*l4, 

'KrSfc&OD^b^hntfT 1 S&^tfX^'yT-S 2. 

3 4, 3 8(C«tSX-1'>y^A^O^B)ti:i:ttC. WfrS] 
±Ofci6cDM0 S F E T 6 2, 5 4 cO*Xn— KfltJiS* 
ffiffltS. Aijf/W7 1.6feitfM0S FET36IJ 
-T>^-^fiift6%lltTL, 1 OO-fV/t-* 6 6 

?bv *x=i-K^iRg%m*6 skistrrso mmmx 40 

14, M0SFET6 2, 6 4 teffib^VMST^ WXT& 
ftb»?£, MO S F E T 6 4<Dff— h£?feicQ/S 
'fT7.WEMlZ.&tiitZ££*>'nim-e&Zo MO S F E 

t 7 oti, m5ic7K?®mT~mw?%£?t l cmmmffiz 
[0028] 0 3^cov^Tgt^ca^^B^Lfc<^:•5{^:, x-f«y 
6, 6 4<Dy—hi&mmmizv RE? ic&ffitEti, mm* 

il\sy F n MT 1 8 F*90M 0SFET3 6, 62tcrie 
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/3 2 /0i ; £S'N£t-;s><fc5K#{;££*i5o cofSSBWe 
«, 0 2ic^Lfcs).^liiigS2 4=gr#€?n>'v'^-^ l o 
<D K U-l' >MWHt^ A*f/WXl 6*3J:O*M0SFE 
T 3 6 fcHi;-Cl4&<, *7ty h«£EU:^OJ:9(c 

v 0FFSET ==AV (gm2/8ml) (6) 
[0 0 2 3] ffi-sT, *OHf 
IdP 1 / 2 (7) 

X-<7f 3 2tffflD5i:, A7J{§*&V IN #M0 S F 
ET16, 6 4JCfiM*!£n, t±lX3 6 8 tC*5tt?>fifSt4, 

?fr^>o V JN i: V REF ©J:bf5^ |g/h Lfc* 7 -tr 

y- F 5 p f + ^yl/f/W X 7 0 tct »5 c OtiS 
[0 0 2 9] *a«3.fcJ:5*U>h=ilf7 , *J:tfX-i'y 

(4, 2 N fla©n^y^U-?^fflLTn tT-y h«D#»AI 

&t,\, la 5 ic^cf 7? y is zjl n flttStt 

ami 2, 7 4^1^1, IftEV R1 , V R2 , V R3 , 
V R4 i: LT&tS[<W*fiU^%£fi£-r3o C<0«fc5&}g 

Ofift^lSfSC^tl. #tC. ffl«tt4MO S F E TO- 

[0 0 3 0] ®i?!tcr>^!iati. 0 5lc^vr<fc5i;:. — *f<D 
tMS^/WX 7 6. 7 8 £0S3?iJiSg-&O<}; ? 4, ffiMS! 

^«SEfti*i¥«f* (cmos) <Dmmic£*)®M?z£ 
omttpn 2, 7 4*m^n, mosfetso, 8 
2(dxtit/^ wmmxmemmfaX'is&mL < * 

5o 0 5CDW7 6. 7 814, 0 4 (CtJU^TMO S F E T 
16, 7 O^-g-tJA^I-x/WX^LT^ffl^n, 04© 

[0031] fifu^tsm i tomwn zicmmznrc=i> 
tc2tEa6*jTt4*v>o zcomtiM, mzvmmi 4Kt> 

Xn- KT ? ^i'X%/^^7'Xt-5./iA6tcfiJiflBIftiT'$.i. 
fci6T^?>o "ftzeymkm 4fr£><Dft®.l£m^X. A 
xn— K>'W7 , xmm«:B{t#-r*Ci:A^llT-feS. ? 
ibicmnmmmxit. 06ony/^- ^8 4(4ffiWiW 
fi^f«r»ttSfc*0, V REF *M3 5<DV dd l;:j£T3<«J:5& 

[0 0 3 2] !37lC^L«:to lOOf^g||fi601JtC, * 
VZ/YuMTZil/tM/— 5<Dk B*ay-y>'a7 , -'l'tlg8 6 

^■To i o 4^1/^-rntr^csi:, f 
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7>->*X^9 0, 9 6(± J ?-n^tXll6 0h-5>v , 7.^ 1 

3 6 tmmftmm*nfi-?Zo \wmc mwnh? 
x(o^>^—^ i o o^auTai^jy— h i o 2ictsv> 

1 0 6 ^ra-i65) C £ t»nJ&lTfc5o 
[0 0 3 3] £ 5>tCt -5 1 -0<D$mmt LT\ fg^*? 
-fe.y hZG-tZmm^^^h—? 1 0 8£r0 8tC7jVr o 
mM^'Ms-* 1 0 8ti, g2P«HV rp> V rn (•?•*! 
J: If ft) i:, A^*EEV inp , V inn GEfcitf 

ft) $\ ^n^rn. x-r^f-i i o~i i 6K.&mt 

2>c X-<yfl 10, 11 2l±0 3<D/Vl/XC 2 tC£-=> 
T^n-y + V^n, X^7f 1 I 4, 11 eii/S/bX 
C 3 (CJ;oT^o<y4 i >'^*^n5„ X-f-y^l 1 0-1 
1 4B, Atlf/WXl 1 8, 1 2 0, /^XC jtCJ; 
ot^n 7 +>«n5X^7f 1 2 2. 1 2 4 %^Cy 
*U>hntf7; fcJ:CfMO S F ET 1 2 6, 128 

7xi32 £=frr 5) tcSE^^nSo mt>y- v i 3 

4, 1 3 6l±, ifiinyAl/-^ 1 0 8<DIE:fcJ:tfft<D 

[0 0 3 4] 

[SgBflOS&S] 

[0ffiO®#^lttB^] 

[HI] ^^ya-y^HITfe^o 
[0 2] *a«§<03^<U— ^<0«5%W*lHlttHT*a& 

[0 3] ^n-y^/bXfi^Ol&BJ^T'&So 
[0 4] -r>/^-^Ol5iB^0T*5o 
[0 5] 77 7^3^^- ££>ffijnylJ<D0T'&5o 
[06] 3>^U-*©ttlfflJ5S0J©0T&3 o 
[0 7] ^L#l^ffi^>M-*c0ifiBSI2T-&£„ 

[08] *OSlWBlT?fe5o 

[fr^<DtftB£] 

1 0 a>/iV—St 

1 2 ATjfl^f 

1 4 

1 6 A^f/WX 

1 8 

2 0 ffi^J 

22 3>hD-7 

2 4 H£g[U% 

2 6 tf^ggg 

2 8 KWytSVdd 

3 0 V— X^EEV SS 
3 2 X-r^y^ 

3 4 X-T-y^- 

3 6 MOS F E T 
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